The incidence of allergic airway diseases continues to increase in industrial countries while remaining much more stable in developing countries. Allergens inhaled are eventually also swallowed and evidently the gastrointestinal immune system has a role in regulating allergic responses in the pulmonary as well as the GI system. While some studies have pointed out the role of probiotic bacteria as a supplementary protection against the early development of various allergies, little attention has been paid to the composition of the airborne microflora first and continuosly inhaled by newborns and infants. This study compares the composition of two airborne microbial communities, one from hospital delivery rooms and the other from a nature reserve, evidently in use as a birthing place as early as 7500 B.C. around the air from the outdoor birthing place was marked by a far greater variation in microbial composition and a much higher representation of fungi than the air from the hospitals. The dominant bacterial species from the delivery rooms were Staphylococcus areus and Micrococcus luteus, originating from the staff and the hospital environment; the outdoor flora, however, was dominated by Pseudomonas spp. and Bacillus spp. In addition, 56% of all the bacterial isolates from the delivery rooms were most closely related to strains previously associated with clinical infections, whereas only 15% of isolates in the outdoor bacterial sample had such relationships. The role of airborne microorganisms could be important to infants with developing immune systems considering the microbial bias of hospital air presented in this study.
Introduction
Over the past 40 years the incidence of allergic airway disease has risen in industrialized countries and has remained stable in developing countries [1] . Several researchers have suggested that the higher incidence of asthma in industrialized countries may be attributed to environmental changes [2] [3] [4] , while other studies support the possibility that lack of early microbial stimulation results in abnormal immune response to antigens later in life [5] [6] [7] . Repeated exposure of airways to antigens is thought to lead to decreased responsiveness and the development of immunologic tolerance of the antigens [8] [9] [10] [11] . Animal studies show that inhaled aeroallergens such as microorganisms may also be swallowed [12] , and antigens delivered orally may also lead to the development of antigen-specific immunologic tolerance [13] [14] [15] . In addition, oral tolerance to an allergen can block responses outside of the gastrointestinal tract (GIT), including the allergic response to that allergen in the lungs [16] [17] [18] . Hence, the immune systems of the lungs and the GIT are connected and dependent on each other. Both the lungs and the GIT of infants are sterile, but after delivery the microbiota of the GIT is acquired from the environment [19] . The GIT of an infant is initially colonized by the mother's vaginal, perinal, and skin flora. Major factors affecting the nature of the early microbial populations are vaginal delivery versus cesarian delivery, antibiotic use in the mother, and bottle feeding versus breastfeeding [2, 20, 21] . Several studies have shown that the GIT of infants are first inhabited by facultative anaerobes such as Enterobacteriaceae, Enterococcus, Streptococcus, and Staphylococcus [22] [23] [24] . Later on, but still in the first week of life, Bifidobacterium, Bacteroides, and Clostridium are also established [25] .
Several studies demonstrate evidence of different microbiota among lower income and middle income individuals from industrial versus developing countries [26] [27] [28] [29] [30] [31] . Estonia has a markedly lower incidence of allergic disease than Sweden. It was demonstrated that the microbiota of children from poor Estonian societies had a different composition from those of Swedish children. The analyses revealed that the microbiota of the Swedish children was associated with increased aerobic microbes and decreased anaerobic microbes, especially Lactobacillus, in fecal samples [26] . In another study [27] , it was discovered that infants with developed allergies showed fewer Bifidobacterium and Enterococcus but more Clostridium spp.
Hospitals harbour microorganisms, many of which are multiply resistant to antibiotics and cause hospital-acquired infections. Thorough and continuous cleaning can significantly disturb the normal niches of microorganisms found on patients and staff and in the hospital environment [32] [33] [34] [35] . Many hospital-acquired infections are due to well-known pathogens that seem to survive easily in the harsh hospital environment. Well-known examples are Clostridium difficile, linked with antibiotic-associated colitis [36, 37] , and Bacillus cereus, with infections recorded in maternity, surgical, and intensive care units [38, 39] . Additionally, bacterial infective genera such as multiresistant Klebsiella [40] , Enterobacter as a source of septicaemia [41] , Escherichia in operating theaters [42] , Serratia in an intensive therapy unit [43] , and Pseudomonas in a special care baby unit outbreak [44] , have been found in hospitals. Furthermore, Acinetobacterradioresistens was found in an increasing number of hospital-acquired infections and outbreaks [45] , and A. baumani was the cause of an epidemiological outbreak [46] . Better known organisms from hospital environments are methicillin-resistant Staphylococcus aureus (MRSA) [47] , and vancomycin-resistant Enterococcus (VRE) [48] . Finally the hospital-acquired infection organisms Legionella spp. and Aspergillus spp. are known to survive the hospital environment [49, 50] .
In a study [51] of the bacterial flora on the hands of 119 nurses working in two neonatal intensive care units and found Acinetobacterbaumani, A. iwoffi, Enterobacteragglomerans, E. cloace, Klebsiellaoxytoca, K. pneumonia, Pseudomonas aeroginosa, P. flourescens, Staphylococcus aureus, S. warneri, and S. epidermis, with the last two most dominant. In another study [52] , sampling the bacterial aerosol in various areas of a dental clinic Staphylococcus epidermis was most frequently found, closely followed by Micrcoccus spp. and Corynebacteria spp., and Staphylococcus aureus, Pseudomonas spp., and fungi were also found.
To our knowledge no previous studies have compared the airborne microbiota inhaled by newborns after delivery in hospitals with the microbiota of outdoor air in more natural settings. In this study we wanted to discover the microbial composition of the hospital air in some Swedish delivery rooms because the airborne microorganisms first inhaled by newborns might have an impact on their developing immune systems. As a control we used the air of a possible outdoor birthing place in a Swedish primeval forest, with supposedly conserved fauna and flora and records of human activities circa 7500 B.C. [53] .
Materials and Methods

Samples Collection
Once each month for one year, the airborne microorganisms from Solviken in the Kullaberg Nature Reserve (Skåne, Sweden) were sampled. On each occasion the sampling was performed with a Trypton Soy Broth agar (TSB, Oxoid Ltd., Basingstoke, Hampshire, England) on a surface plate 14.0 cm in diameter, for a total of 12 plates. The plates were circled manually in the air, without lids, sweeping to 0.5 m above the ground for 1 min to collect both airborne and ground surface microorgansims. Sampling was also performed in eight hospital delivery rooms in one single day during the summer. In each of eight delivery rooms in the University Hospital of Malmö (Malmö, Sweden) one uncovered TSB surface agar plate, 14 cm in diameter was placed by a nurse on a shelf and left for 1 h. Some rooms were empty at the time but most rooms were occupied with mothers giving birth. Plates from both Kullaberg and the delivery rooms were incubated aerobically at 22˚C for 5d. One of every morphologically different colony of bacteria, yeasts, and molds were selected and re-cultivated for purity as isolates. The recultivation was performed on TSB agar surface plates, incubated aerobically at 22˚C for 5d.
PCR of Bacterial Isolates
One colony from the purified isolates was placed in 2.0 ml Eppendorf tubes together with 0.25 ml sterile water and 10 -15 glass beads (2.0 mm). Cells were disintegrated by shaking for 45 min in an Eppendorf mixer 5432 (Eppendorf, Hamburg, Germany). After centrifugation (20,200 × g for 5 min), 1 μl of the supernatant was used in the following PCR reaction.
Amplification was conducted with primers designed to anneal to conserved regions of bacterial 16S rRNA genes. The forward primer ENV1 (5'-AGA GTT TGA TII TGG CTC AG-3') corresponded to positions 8 -27 in Escherichia coli 16S rRNA, and the reverse primer ENV2 (5'-CGG ITA CCT TGT TAC GAC TT-3') corresponded to positions 1511-1492 [54] . The PCR reaction contained 5 μl 10× PCR buffer (100 mMTris-HCl, 15 mM MgCl 2 , 500 mMKCl, pH 8.3), 200 μmol·1 −1 of each deoxyribonucleotide triphosphate, 2.5 U of Taq DNA polymerase (Roche Diagnostics, Mannheim, Germany), 10 pmol of each primer and 1 -10 μl template in a total volume of 50 μl. Amplification was performed with a T-personal (WhatmanBiometra, Goettingen, Germany) as follows: 30 cycles at 95˚C for 15 s, 48˚C for 30 s, and 72˚C for 90 s followed by an elongation step at 72˚C for 10 min. The PCR product was stored at -20˚C for sequencing.
Sequencing and Identification of Isolate DNA
PCR products were sequenced by a sequencing company (MWG Operon Eurofins, Ebersberg, Germany) with universal primer ENV1. These partial 16S rDNA sequences were searched against GenBank (National Centre for Biotechnology Information, Rockville Pike, Bethesda, MD) using the Advanced BLAST similarity search option [55] , accessible from the homepage of the National Centre for Biotechnology Information (http://www.ncbi.nlm.nih.gov/). For comparison, sequences were also searched against another software, The Ribosomal Database Project II [56] , accessible from the homepage (http://rdp.cme.msu.edu/).The partial sequences were mostly around 550 -900 base pairs (ranging from the 8th bp). A bacterial isolate was defined as a specific phylotype when it diverged by 5 bases or more from the closest related isolate. The identification of mold isolates was performed to the morphological genus level. The identification of yeasts was performed visually by noting differences in colony appearances, and by microscope, but never to genus or species level.
Results
A total of 355 bacterial sequences were identified and all showed a similarity of >91% to type strains in the RDP. Table 2) . A number of possibly novel bacterial species with <97% sequence similarity to the nearest type strain were found from both Kullaberg (n 14) and the delivery rooms (n 10). Bacterial isolates constituted 142 (59%) of the isolated microorganisms from Kullaberg and 213 (87%) from the delivery rooms. Kullaberg had 75 (31%) mold isolates representing 12 genera ( (Figure 2) . The percentage of isolated bacterial species previously found in clinical samples were much higher in the delivery room samples (51%) ( Table 1 ) than in the samples from the nature reserve Kullaberg (18%) ( Table 2 ). a Among the number of isolates found closely related to a specific type strain, the number of phylotypes (if more than one) are shown in brackets; b Type strain numbers are followed by GenBank accession numbers.
Of 213 bacterial isolates from the delivery rooms, 120 (56%) were most closely related to type strains previously associated with clinical samples. From the Kullaberg Nature Reserve, of 142 bacterial isolates, only 22 (15% of the isolates) were most closely related to type strains previously associated with clinical samples.
Discussion
We hypothesised that the air from the delivery rooms would have less variation in microorganisms than that from the nature reserve and would also have a higher incidence of microorganisms with clinical origin. There are several reasons to believe that Kullaberg, the first piece of land to emerge in Sweden after the last ice age [57] , hosts a greater diversity of microorganisms than hospital delivery rooms. First, the soil of the forest of Solviken in the Kullaberg Nature Reservehas been uncultivated since the first leafed trees immigrated from the south around 7500 B.C. [57] . Second, 70% of all the plant species recorded in Sweden can be found in Kullaberg. Third, according to an inventroy of plant species in Kullaberg, the particular locale of Solviken supported the most plant species of 70 locales investigated [58] . Finally, fauna and flora undisturbed by human settlement or agriculture will in time create a unique environment [57] .
The total number of microbial isolates was about the same from each of the two different locales investigated, but the percentages of mold and yeast were higher and the overall diversity of microorganisms was greater in the air of the nature reserve than in the delivery rooms. To our knowledge this has not been reported before, even though it seems reasonable considering the higher biological activity in the nature reserve. A general picture indicates a higher frequency and diversity of molds and yeasts in the air from the Nature reserve compared to the hospital. Both environments had a high incidence of molds, although molds were found twice as frequently in air from the nature reserve. Molds were identified to only the genus level and the results showed 12 different genera in the samples from Kullaberg compared to 5 different genera from the hospital. Yeasts were clearly represented in the samples from the nature reserve but almost absent in the delivery rooms. Yeasts were not identified to species or genus level but differentiated morphologically through observation of their colonies on plates and cells under the microscope. Nevertheless, 25 different types of yeast colonies were found in the samples from Kullaberg compared to only 3 different colonies from the hospital.
Species level identification of the bacterial flora needs to be clarified. In the present study, partial sequences above 550 bases were evaluated which was in agreement with other studies [59, 60] . The relationships of the isolates to described taxa in the database are given in Tables 1 and 2. It has been suggested that a similarity in 16S rDNA of >97% indicates closely related species. However, in one study [59] , it was shown that there was only 50% chance for two 16S rDNA to belong to the same species if the similarity was >99.8 %. Thus, the descriptions in Tables 1 and 2 are not definite; the taxa defined are not necessarily true species but should be called phylotypes [61] , or molecular species [60] .
The bacterial flora of the delivery rooms was largely consistent with previous reports of hospital environments, e.g. Staphylococcus, which made up a major part of the hand flora of housekeeping staff and neonatal intensive care unit nurses and was also abundant in aerosols [51; 52] . Two of its species, Staphylococcus epidermidis and S. capitis, were found to be two of the first colonizers of an infant GIT [24] . Micrococcus spp. occurred frequently in the hospital air in this study, as previously described in Table 2 . Thebacterial flora of air from hospital delivery rooms. Identity of 16S rRNA gene sequences generated from isolates selected for morphological differences after cultivation. Isolates are presented with the clinically recorded type strains to which they are most closely related. 
a Among the number of isolates found closely related to a specific type strain, the number of phylotypes (if more than one) are shown in brackets. b Type strain umbers are followed by GenBank accession numbers. n Table 3 . Themold flora in air from the Kullaberg Nature Reserve. Identification to the genus level was performed using a morphology identification scheme generated from isolates selected for morphological differences after cultivation. Table 4 . Themold flora in air from hospital delivery rooms. Identification to the genus level was performed using a morphology identification scheme generated from isolates selected for morphological differences is after cultivation. aerosols [52] . The dominant bacterial flora from the air of the nature reserve was different from those of the hospital delivery rooms in several respects. First, air from the nature reserve contained almost no Staphylococcus spp., much fewer Micrococcus luteus, and very few Acinetobacter spp. Instead it was dominated by more Pseudomonas spp. and much more Bacillus spp. than in the hospital. Interestingly, a study of the bioaerosol distributed in a general hospital in Korea [62] , showed an almost identical result in the dominant airborne bacteria and fungi found in the delivery rooms as in our present study.
A relatively high portion of bacteria found in the delivery rooms was known to be associated with clinical infections (56% of the bacterial isolates Table 2 ). Early administration of Lactobacillus rhamnosus was shown to prevent small children at risk (one or more first-degree relatives with allergic disease) from developing eczema, an early manifestation of subsequent allergy [63, 64] , and the role of intestinal microbiota in modulating the immunological system of children and as an important factor in the prevention of various allergic diseases has been discussed [65] [66] [67] [68] [69] . For example, it was shown that early probiotic therapy reduced the frequency of allergies and repeated infections and this effect extended into adulthood [70] airways repeatedly exposed to antigens may lose responsiveness and may develop immunologic tolerance to the antigens [8] [9] [10] [11] . Hence, if some bacteria have been shown to modulate the immune system reaction to allergens in the GIT, it can be speculated that the composition of the first and continuously inhaled airborne microorganisms may also influence the developing immune system and thereby potential allergic diseases. The microfloral diversity was only slightly higher at the nature reserve than in the delivery rooms; however, the sampling time in the nature reserve was only one minute versus one hour in the delivery rooms. The numbers and diversity of microorganisms in inhaled air from the nature reserve are therefore expected to be much higher than in air from delivery rooms over the same length of time, and the fewer and less varied microorganisms in hospital air might affect the developing immune system of a newborn.
What is less speculative is the fact that infants are at much greater risk of inhaling dangerous bacteria in the hospital during their first minutes, hours, and days than they would be if they were born in an open environment such as the nature reserve. Examples of such bacteria, or closely related bacteria, dominant in the passive air samples of the delivery rooms over merely one hour include Staphylococcus spp., which cause septicemia in term and preterm infants [71, 72] ; S. epidermidis, which causes infections in infants [73] ; Micrococcus luteus, which causes recurrent bacteremia [74] ; Acinetobacter johnsonii, which causes bloodstream infections [75] ; Pseudomonas luteola, whichcauses both cutaneous abscess and bacteremia [76] ; Streptococcus dysgalactiae subsp. equisimilis, which causes vertebral osteomyelitis (spinal infection) [77] ; Corynebacterium pseudodiphtheriticum, which is reported as a respiratory tract pathogen [78] ; Corynebacterium diphtheriae, which causes respiratory diphtheria [79] ; Kytococcuss chroeteri, which leads to fatal bacteremic pneumonia [80] ; and Sphingobacterium spiritivorum, which causes extrinsic allergic alveolitis (hypersensitivity pneumonitis) [81] . The microbes acquired from the mother at the time of birth through vaginal delivery rather than cesarean section seems to be an important start to establishing a proper indigenous microbial community [21, [82] [83] [84] . Further studies should be conducted to evaluate the role of newborn exposure to a higher variety of airborne microorganisms and its influence on the development of the immune system and future allergic prevalence.
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